governed by the recrystallization of tiny particles. 
were experimentally investigated. The crude crystals were found to be composed by manytiny particles. In the course of sweating the crystals changed in appearance from rigid rectangular ones to porous ones, indicating that partial melting occurred. The composition changes continued even after 360h. A mechanism of the composition changes was proposed and the rate was quantitatively analyzed by the solid-state diffusion model. By comparing experimental and the calculated composition changes, recrystallization of the tiny particles by solid-state diffusion was concluded to be the rate-limiting stage. Literature Cited 1) Albertins, R. and J. E. Powers: AIChEJ., 15, 554 (1969) .
2) Brodie, J. A.: Mech. Chem. Eng. Trans. Inst. Engrs., Aust., MC7, 37 (1971). 3) Carslaw, H. S. and J. C. Jaeger: "Conduction of Heat In Solids," p. 234, Oxford University Press (1959).
4) Matsuoka, M., N. Kanekuni and H. Tanaka: /. Crystal Growth, 73, 563 (1985) .
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Matsuoka, M., M. Ohishi and S. Kasama: /. Chem. Eng. Japan, 19, 181 (1986 prepared by y-ray irradiation were experimentally studied. The swelling and shrinking behavior of PVMEG were affected solely by the kind and concentration of anion group independently of relevant cation. The equilibrium volume of gel in a salt solution was determined by both the valency and radius of the anion group. The transition temperature of PVMEG,below and above which the gel swells and shrinks, respectively, was 310 K independently of the kind and concentration of salt. The authors have proposed the application of PVMEGto the dewatering of waste sludges, the gel being a water-absorbing medium.4) The experimental investigation showed that the hydrogels have bright prospects for that application.
Although PVMEG is nonionic, there exist ions which affect its water-absorption capacity.4) Waste sludges encountered in the usual handling contain some amount of ions more or less according to their origin. For example, an excess sludge from the aeration tank of a domestic sewage works contained 2.1mol-nr3 of Cl" and 0.58mol-m-3 of SO^.4) Therefore, it is necessary for the application mentioned above to clarify the behavior of PVMEGin ionic solutions.
In the present paper, the swelling behavior, i.e. the water-absorbing behavior of PVMEG in ionic solutions, was experimentally studied by using solutions of salts contained in waste sludges. Someother salts which may affect the gel behavior were also employed in this investigation.
Experimental
The PVMEG preparation method, experimental apparatus and procedure are the sameas described in the previous paper,3) except that salt solutions were used for this study instead of distilled water. Salts
Na2SO4, K2SO4 and MgSO4. experiments being done at the initial temperature of 321 K and initial gel radius of8.1 x 10~3m. The same gel in Nal solution showed the salt effect of the second category, where both its swelling rate and equilibrium volume increased with concentration of Nal, as shown in Fig. 2 . Figure 3 shows an example of the salt effect of the third category. Both the swelling rate and the equilibrium volume of gel decreased with increasing concentration of Na2HPO4. Among the salts tested, NaNO3, KNO3, Mg(NO3)2 and Ca(NO3)2 fell into the first category, Nal into the second and the others into the third. To obtain a quantitative relation for the effect of ion groups on the gel volume, the slope ofAVvs. Cat infinite dilution, i.e., /? = lim (A V/C), was plotted against njr{ as a trial, where n and r{ are the valency and the radius of anion, respectively. n/r{ is considered to be a parameter expressing the interaction between ion and water molecules. calculated jSC at a temperature of 298 K, where ft was calculated by using Eqs.
(1) and (2). All data except those for LiCl solution fell on the same curve independently of the kind of salt. In the lower salt concentration region, experimental data are expressed by the linear relation of Eq. (3).
A V=PC
In the higher salt concentration region, experimental data depart from Eq. (3). At infinite dilution the interaction of ions and gel network may be the weakest. On the contrary, the interaction of cation and anion became stronger with increase of their concentration. This may be the reason why Eq. (3) does not hold for the solution of higher salt concentration. The relation between A V and fiC can be approximately expressed by Eq. (4).
The dotted line in Fig. 6 was calculated by Eq. (4). The values for polyatomic ions were estimated assuming that the ions are spherical and using the length of the covalent bond between oxygen atoms and a central atom. The reason for the exceptional gel's behavior in LiCl solution is considered to be that the radius of Li+ is very small compared with the other cations and its stronger attraction to Cl~ion influenced the interaction between Cl" and water molecules.
The above experimental results show that the swelling behavior ofPVMEGin salt solution is affected by the interaction among polymer network, water molecules and anions, although PVMEG is considered to be nonionic. interaction.
An assumed concept of the interaction is shown in Fig. 7 . There may exist three kinds of water molecules around the polymer network of PVMEG in the presence of ions, i.e., molecules interacting with the methoxyl group of the polymer network by hydrogen bond directly (A in Fig. 7 ), molecules participating in the hydration of cations (B in Fig. 7 ) and those of anions (C in Fig. 7) . A cation attracts the negative pole of the dipole of the water moleculeas shownin Fig. 7 . The attraction will not interrupt the water molecule from forming a hydrogen bond with a methoxyl group of the polymer network. This is the reason whythe gel behavior is almost independent of the cations. On the contrary, water molecules hydrated with an anion (C in Fig. 7) have to overcome the attraction force exerted by the anion to produce hydrogen bonds with methoxyl groups of the polymer network. Therefore, the interaction between anions and water molecules is considered to have a remarkable effect on the behavior of PVMEG. The effect of anion on gel behavior shown in Fig. 4 can be explained as follows. When anions that hydrate strongly, such as polyvalent ions (e.g. SO^") or monovalent but smaller ions (e.g..Cl~) exist around the polymer network, water molecules are strongly oriented to those ions, and the amount of water molecules which form a hydrogen bond with the methoxyl group decrease, resulting in a decrease of gel volume. Therefore, ions like SO4", Cl~and HPO4" can be called "swelling inhibition ions."
But there exist ions hydrating weakly, such as monovalent ions with larger radius (e.g. I"). The interaction between the ion and water molecule is weaker than that of water molecules, which increases the probability that water molecules will escape from ion and interact with methoxyl groups. The hydrogen bonds of water molecules with methoxyl groups of polymer network appear or disappear by the thermal movement of water molecules. In the presence of ions with larger radius, the mean time for a water molecule to stay in the vicinity of the ion decreases6) although the mean time for a water molecule bonded by methoxyl group does not change. Therefore, the net amount of water molecules forming hydrogen bonds is considered to have increased statistically, resulting in the increase of gel volume. An ion like I~can be called "a swelling promotion ion." An intermediate ion between the above two kinds of ions is NO3~,which did not cause any change in the equilibrium volume of gel. Therefore, it is supposed that the interaction between NO3"and water molecule is almost the sameas that of water molecules. NaNO3, Nal and Na2HPO4. The volume of the gel decreased with increasing temperature and finally became constant. The constant volume was the same for all solutions studied. The transition temperature TT above which the volume is constant was 310K for all solutions. The change of gel volume according to temperature change across TT is called the phase transition.
The equilibrium curve for NaNO3solution in the temperature region less than TT was not influenced by salt concentration in the experimental region. On the contrary, the curves for Nal and Na2HPO4solutions became high and low, respectively, with increasing concentration. These changes are related to the properties of the salts. Figure 9 shows V^+A Vvs. temperature, where A V is the difference between the equilibrium volume of gel in distilled water and in salt solution as calculated by Eq. (4). The curve shown in Fig. 9 can be called a characteristic curve of PVMEG, and by using the curve the gel volume in any salt solution at a given temperature can be estimated. 1) The gel's behavior depended solely on the anions contained in the solution.
2) The change of equilibrium volume of gel in salt solution was determined by the valency and the radius of the anion group.
3) The transition temperature was 310K independently of the kind and concentration of salt. Baifukan, Tokyo (1973) . 2) Fushimi, T.: Gendai Kagaku, No. 4, 30 (1987) . 3) Huang, X., H. Unno, T. Akehata and O. Hirasa: /. Chem. Eng. Japan, 20, 123 (1987 
